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配体  (R)-BINAPS ，通过元素分析、核磁等研究，其分子式可写为 
(R)-BINAP-nSO3Na (n=3~4)；在此基础上，采用离子液体  [BMIM]BF4 和 





采用压力 1.0 MPa 和温度 333 K 的温和反应条件，产物 ee 值和转化率，分
别为 55.2% 和 28.2%；当 L/Rh 比高于 1.5 时，产物的 ee 值稳定于 55~56%。
在 6 次循环使用中，反应活性及选择性均无明显改变；虽然将油溶性配体 
(R)-BINAP 与 Rh 组成的配合物溶于离子液体中并添加甲苯溶剂时，亦可形成
离子液体-有机两相反应体系，但其活性和选择性在重复使用中呈明显下降趋
势。然而，在 [BMIM]PF6 为介质的体系中，产物 ee 值和转化率较低，而且
离子液体两相催化剂体系对于苯乙烯不对称氢甲酰化反应，也表现出较差的产
物 ee 值。 
在亚甲基丁二酸二甲酯的不对称加氢反应中，溶剂体系对反应活性及选择
性等有较大的影响。同等条件下，由离子液体和水溶性配合物构成的两相催化




















Chiral ligands are usually expensive, mainly due to the tedious synthesis 
pathways. The investigation of asymmetric catalytic reactions associated with 
biphasic system is of significant importance from both the fundamental and industrial 
points of view. In the past several decades, the catalytic reactions with biphasic 
systems have received considerable attention. However, works in connection to the 
asymmetric hydroformylation with biphasic catalysis are relatively rare. The technical 
and ecological advantages of the aqueous biphasic hydroformylation which are used 
in industrial processes of hydroformylation for lower olefins have not been 
successfully utilized for the asymmetric hydroformylation. 
This dissertation has used (R)-BINAP, a conveniently available in enantio-pure 
form, as chiral model ligand, to prepare the water-soluble chiral ligand of  
(R)-BINAP-nSO3Na (n=3~4) (labeled as (R)-BINAPS) by sulfonation and 
neutralization. A biphasic catalysis system composed of ionic liquid (IL) and 
water-soluble chiral rhodium complex of (R)-BINAPS has been developed for the 
asymmetric hydroformylation of vinyl acetate and styrene under mild conditions. 
Corresponding Ru- and Rh-complexes have been employed in the IL-biphasic 
asymmetric hydrogenation of dimethyl itaconate. 
In the asymmetric hydroformylation of vinyl acetate with the catalyst system of 
(R)-BINAPS-Rh, a conversion of 28.2% along with ee value of 55.2% was obtained at 
333 K and 1.0 MPa in [BMIM]BF4. The ee value and iso-aldehyde selectivity were 
slightly higher than those with the homogeneous counterpart (i.e., (R)-BINAP-Rh) 
without IL. The biphasic catalyst afforded the ee value of 55~56% when the molar 
ratio of L/Rh was above 1.5 and could be reused at least six times without reducing 
activity, enetioselectivity and regioselectivity. Analogous biphasic catalysis system 
might be formed when using the chiral rhodium complex of (R)-BINAP dissolved in 
ILs and an additional solvent of toluene. But such system showed significant 
decreases in activity and enetioselectivity during the recycling use. Nevertheless, the 
catalyst system of (R)-BINAPS-Rh in [BMIM]PF6 showed lower enantioselectivity 
and conversion. Moreover, the above biphasic catalysis system performed lower 
enantioselectivity for the asymmetric hydroformylation of styrene. 
Siganificant solvent effects on the activity and selectivity were found in the 
asymmetric hydrogenation of dimethyl itaconate with Ru-complex in the IL-biphasic 
system. The conversion varied at 74~89% with the ee value of 65~69% by using the 
water-soluble (R)-BINAPS-Ru complex dissolved in the solvent system consisting of 
different volume ratio of [BMIM]BF4 to iso-propyl alcohol at 333 K and 2.0 MPa. 
The results were lower than those by using the organic-soluble (R)-BINAP-Ru 
complex as catalyst under identical conditions. However, the (R)-BINAPS-Ru catalyst 
system showed stability, while the (R)-BINAP-Ru one presented considerable 
decrease in the activity and selectivity during the four times of recycling runs. 
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               图 1.1 异构体的不同作用 
Fig 1.1 The Different Effect of Enantiomers 
 
1.2 不对称氢甲酰化反应研究进展 
烯烃的氢甲酰化反应是 Roelen[6~7]于 1938 年发现的,目前已成为羰基合成































































                 7’ 
图 1.2 膦-亚磷酸酯类配体 
Fig 1.2 The phosphate-phosphine ligands 
 



















表 1.1 BINAPHOS 系列配体 [配体1、2、3、4、5、6] 修饰的 [Rh]a 催化体系
催化烯烃的不对称氢甲酰化b
Table 1.1 Rha-catalysed asymmetric hydroformylationb of olefins using series of 
BINAPHOS ligands. 



























































































































































a. [Rh]=[Rh(CO)2(acac)]; b. PH2/CO (1/1)=290~162 bar, T =25~80 ℃, solvent. benzene; 
c. reacting in scCO2; d. not reported; e. conv.( %) of hydroformylation for terminal 





很好，而 (R,R)-型却很差(表 1.1 entry 3)。 
值得一提的是配体 4、6 是 近开发的 BINAPHOS 衍生配体[25~26]。它们
所修饰的催化体系在超临界流体 SC-CO2 中，应用于烯烃的不对称催化氢甲酰





配体 7、8 是 近开发的膦-亚磷酸酯类双膦配体。它们所修饰的铑催化剂
与 BINAPHOS 修饰的催化体系相比，应用于不对称氢甲酰化中催化效果不太理
想[35~36]。配体 7-[Rh] 催化苯乙烯不对称氢甲酰化，ee 值 高为 40%，但醛的
总收率、区域选择性却很好[35](conv.% 可达 100%，b/n = 96/4)。 
配体 7’ 是 Yongjun Yan 等[37] 在 2006 年 新合成的一种类膦-亚磷酸酯类
双膦配体，其所修饰的铑催化剂催化苯乙烯及其衍生物和乙酸乙烯酯不对称氢甲
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图 1.3 亚磷酸酯类双膦配体 




Table 1.2 Metal-Catalysed asymmetric hydroformylationa of olefins with diphosphite 
ligands on the pentanediol backone. 









































a. P: 20~162 bar (H2/CO); T : 25~60℃; solvent: benzene; b. not reported; c. solvent: 
toluene. 
 




























的铑催化体系催化苯乙烯的不对称氢甲酰化反应，ee 值达到 66%, 区域选择性
也比较高(b/n 达 98 %)。 
 
1.2.1.3 仅含 P-C 键双膦配体 
这类配体开发得比较早，主要包括 DIOP、BDPP、CHIRAPHOS、BINAP、
BPPM 等系列配体(图 1.4)。 
DIOP(配体 26)应用于 Pt-Sn 不对称氢甲酰化催化剂体系，催化活性良好,
但立体选择性较差[10](ee 值一般为 10%~50%)。以 DBP 对 DIOP 进行修饰(配
体 27)，用于 Pt-Sn 催化体系，在丁烯、苯乙烯不对称氢甲酰化中，区域、立体
选择性明显提高[48~49](ee 值可达 80%)。 




BPPM(配体 31)不具有 C2 对称轴，Stille 等把它应用到 Pt-Sn 催化体系,
对 10 余种烯烃进行不对称氢甲酰化，并降低温度和加入原甲酸三乙酯，使 ee 
值达到 96% 以上[50]。 
值得一提的是，在国内，吕士杰等以 D-葡萄糖和 D-甘露糖为原料，合成的
具有刚性骨架的双膦配体  ABDPP[51~52]和  DPPFF[53](配体  32、33)。其中
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